Abstract: Atmospheric inputs of elements/ions into the soil through bulk precipitation and throughfall (precipitation below tree canopies) were monitored monthly at two forested catchments (Lesni Potok and Liz) in central and southwestern Bohemia, respectively. The annual deposition fluxes (expressed in µg/mg m −2 yr −1 ) of Al, As, Ba, Be, Ca, Cd, Cl It is declared that high fluxes of these elements/ions in TH significantly affect the forest soil water chemistry and that the forest vegetation significantly contributes to the mobilization of several elements in soil and to their redistribution throughout the soil profile.
Introduction
Chemistry of the TH (precipitation below tree canopy) has a complex character resulting from numerous processes determining its chemical composition (Heinrichs & Mayer, 1980; Norden, 1991; Skřivan et al., 1995) . Chemical composition of the wet atmospheric precipitation entering the tree canopy is enriched by its interaction with the above -ground parts of trees through several ways:
-by the wash-out of solid atmospheric aerosol, which was caught by interception on the surface of the vegetation (Atteia & Dambrine, 1993; Novo et al., 1992; Hantschel et al., 1990) , -by dissolution of gaseous substances adsorbed on the above -ground parts of the vegetation from the atmosphere (Joslin & Wolfe, 1992; Kaupenjohann et al., 1988) ,
-by leaching and/or ion exchange of metabolites which are excluded out from the trees through their assimilation organs (Arthur & Fahey, 1993) .
-net concentration of chemical compounds in TH increases also by evaporation of the aqueous phase on the above-ground part of the vegetation.
On the other hand, part of the chemical constituents of the wet precipitation gets lost through uptake by the foliage. The concentration of most chemical substances in TH exceeds that in the BP on an open place (Erisman, 1993) . Increase in their concentration depends on the intensity of interaction between the aqueous phase and the surface of the vegetation or, in other words, on the density of the individual tree crowns (Ford & Deans, 1978; Robson et al., 1994; Kostelnik et al., 1989) .
The chemical composition of forest TH therefore represents an important input of dissolved substances into the forest soil and, on the other hand, can be employed as a criterion for the forest vegetation as a biological factor in the cycling of matter within the forest ecosystem. Our present study was designed (i) to evaluate and compare the monitored fluxes of elements in BP and (beech and spruce) TH, (ii) to select the elements in TH that are strongly affected by the biological activity of forest vegetation, (iii) to estimate the effect of TH on the soil water chemistry and (iv) to compare the fluxes of elements in BP and spruce TH at two contrasting monitoring sites.
Description of the monitoring sites
The Lesni Potok catchment (LP) is situated in a rural area approximately 30 km SE from Prague (Figs 1-2) . The geographical coordinates of the closing profile are 49
• 58 35 lat. N, 14
• 46 40 long. E, the drainage area of the catchment is 0.765 km 2 . The catchment is 99% forested. The vegetation is 46% coniferous (mainly Norway spruce; Picea abies L. KARST) and 53% deciduous (mainly European beech; Fagus sylvatica L.). The area received an annual average of 709.1 mm of precipitation in the period 1997-2005, and the annual average runoff was 92.5 mm during the same period. Mean annual surface water discharge was 2.24 L s −1 between 1997-2005. The significant difference between the water input and output was due to ∼80% evapotranspiration (NAVRÁTIL et al., 2003) . The annual average air temperature is +7
• C. The catchment is underlain by two types of granite: by the coarser monzogranitic Říčany type and syenogranitic Jevany type. The mineralogical composition of both types is almost identical: ∼27% quartz, ∼29% orthoclase, ∼35% plagioclase and ∼6% biotite (NĚMEC, 1978) .
BP was sampled at site TR (Fig. 2) , 5.5 km northeast from the catchment, at least 50 m away from trees (SKŘIVAN et al., 1995, see Fig. 2) . Samples of beech (B)-and spruce (S) TH were collected at the northern tip (Fig. 2 , locations LP6 and LP7) of the Lesní potok catchment (LP). The Liz catchment (LIZ) is situated in the mountainous and submontane region of the Sumava Mts (Figs 1 and  3 ). This watershed lies in the Vimperk Highlands that extend in its south-eastern part to the Landscape Protected Area and National Park of the Sumava Mts (see also in TESAR et al., 2006) and are part of the Moldanubicum metamorphic complex. It is formed mainly by the metamorphosed rocks, paragneiss with smaller injected localities in the northern part of the region.
The LIZ is located in the southwestern part of the Vimperk Highland in the basin of the Zdikov brook that flows through the wider meadow depression. In its upper part this brook is formed on the northerly oriented forest slopes, with the LIZ here being at a distance of about 4 km from the village of Zdikov in the district of the town of Prachatice. The LIZ is fully forested. Forest cover belongs to the acid spruce beech type. The soil type is the oligotrophic forest Eutric Cambisol. The coordinates are 13
• 40 01 -13
• 41 00
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S257 E and 49
• 03 23 -49
• 04 09 N. Maximum elevation is 1074 m a.s.l., minimum elevation 828 m a.s.l., mean elevation 941.5 m a.s.l., average land slope 16.55%, catchment length 1.45 km, length of streams 2.28 km. The physical geographic situation of the LIZ is described in Fig. 3 . The Liz experimental watershed is monitored since 1976 (TESAR et al., 2001 (TESAR et al., , 2004 . The simulation of the water balance of the LIZ is analysed by BUCHTELE et al. (2006) .
Both catchments have been included in the GEOMON monitoring network (Geochemical Monitoring Network). GEOMON represents a network of small forested catchments in the territory of the Czech Republic (FOTTOVÁ, 2003) . The monitoring has been coordinated since 1994 by the Czech Geological Survey. The deposition fluxes of the fifteen major ionic species based on BP and TH analyses have been calculated for the 1997-2005 period. The evaluation of the wet deposition in the spruce mountain forest is solved in field studies from many others European mountain regions (MINĎÁŠ & ŠKVARENINA, 2001; SITKOVÁ et al., 2002; KUNCA et al., 2003) .
Material and methods
BP and TH were sampled at LP monthly using in general the procedure of BERG et al., (1994) , adapted for the needs of the GEOMON monitoring network. The BP collectors consist of a glass funnel protected by polyethylene (PE) casing whose upper rim is arranged in a saw-tooth pattern to protect samples from contamination by birds. The mouth of glass funnel is leading to 1-L PE collection bottles. The collection bottles were pre-dosed with 2.5 mL of diluted (22% v/v) HNO3 (Merck, Suprapur) to prevent the adsorption of dissolved elements onto the walls of the sampling bottle. The resulting aqueous sample therefore represents the sum of dissolved solutes in precipitation together with the forms of the solutes weakly bound to the solid particles of deposition. Aliquots of BP used for determination of anions, as well as for laboratory pH and conductivity measurements, were collected separately.
TH samples designated for the trace metal analyses were collected in special collectors described by SKŘIVAN et al. (2000a) . The construction of collectors, equipped with collecting glass conical bulbs, is based on combined principles of hydrophilic wetting, surface tension of water and motion persistence of solid particles that prevents samples from contamination by successive leaching of solids.
All PE sampling bottles were washed with hot distilled water and 0.5% HNO3, then rinsed with distilled and redistilled water. After collection, bottles with samples were transported in sealed PE bags to the laboratory and weighed to determine the liquid volume. All samples were then filtered through a 0.45-µm membrane. An aliquot for cation analysis was acidified with diluted HNO3 and stored at 4
• C until analysis. A second unacidified TH aliquot was used for pH and conductivity measurements and analyzed for anions.
Sampling of BP and TH at LIZ followed the procedures common to the GEOMON monitoring network. Both types of samples were collected monthly in collectors coupled with 1-L polyethylene (PE) collection bottles. The device consists of a PE funnel whose upper rim is again arranged in a saw-tooth pattern to protect samples from birds. The lower mouth of the funnel is equipped with a nylon sieve and it is screwed up with the double PE screw to 1L PE sampling bottle. The sample elaboration and analyses were similar to those collected at LP.
Results and discussion
The general overview of the load of forest soils at LP and LIZ by selected elements is presented in the Tables  1 and 2 . Deposition fluxes of the elements (expressed in µg m −2 yr −1 or mg m −2 yr −1 ) are presented instead of their concentrations, in order to eliminate the effect of evapotranspiration. Fig. 4 clearly documents that the deposition of technogenous elements and ions Pb, Be, As, F − , SO 2− 4 and N tot decreased throughout the monitored time span 1997 to 2005. These trends were already discussed in several papers (Skřivan et al., 2000b; Navrátil et al., 2004) . The other monitored elements -mostly of terrigenic or biogenic origin -exhibit no unambiguous trend, as their annual fluxes are mostly dependent on the intensity of atmospheric wash out by precipitation and on the prevailing synoptic situations . The share of metabolic origin of an element and/or the intensity of interception of the solid near-surface atmospheric aerosol (rich in the elements) by the tree crowns is evident from the ratio of fluxes TH/BP deposition, shown in the Table 1. Generally, the mean STH fluxes are 1.65 times stronger than the beech ones. The ratios TH/BP deposition higher than 1 indicate that the TH deposition process was intensified either by the active role (leaching of metabolites) or passive role (mechanical effect of crowns) of the forest trees. The ratios lower than 1 observed in Al, Fe, Pb, As (Zn, Cd) -elements either toxic or prevailingly present in poorly soluble aerosol particles -indicate that the elements in form of insoluble solid aerosol are mostly attached to the surface of the assimilatory organs and that they are deposited only with the litterfall. The ratios of the element fluxes TH/BP set up from the highest ones to the value of 1.5 are as follows: 4 , Cl − and N tot in TH follows mainly from the gaseous (mostly anthropogenic) forms of the elements that are continually adsorbed on the surface of tree assimilatory organs and washed down by precipitation. The other members of the sequence presented above represent either the principal nutritional metals, or important essential elements, or their chemical homologues.
The dominant position of Rb, the homologue of nutritional K, is explained by the simultaneous root uptake of these two elements, followed by the preferential exclusion through foliage and leaching of the former element (Wyttenbach et al., 1995) . The surprisingly higher ratio of TH/BP fluxes of Mg in beech growth than below the spruce (Tab. 1) can be explained by the deficiency of the element in soils developed on granites and by its extreme mobility throughout the soil profile that further decreases the Mg concentration, especially in the upper soil horizons. The shallow rooting spruce encounters stronger deficiency of Mg than the deeper rooting beech. This is reflected, on the other hand, in stronger uptake (and exclusion) of manganese (Mn) by spruce than by beech, which is a typical phenomenon in acid soils developed on granitic rocks. The high Mn concentrations in TH have been reported by numerous authors (e.g. Heinrichs & Mayer, 1980; Atteia & Dambrine, 1993) and they were confirmed through laboratory experiments (Fritsche, 1992) . They are interpreted as a consequence of the Mn role in the carbohydrate metabolism and in the photolysis of water.
The comparison of deposition fluxes at both compared sampling sites confirms in particular the more pristine character of the LIZ. In spite of higher precipitation amount at LIZ, the mean deposition flux of H + over the monitored time period here was lower by 16%, owing to higher precipitation pH. In accordance with the expectations, the locality is less loaded with strong atmospheric (anthropogenic) acidifiers than the LP that is more impacted by the emissions of large Czech coal fired power plants. The detailed and precise comparison of deposition fluxes at both localities is impaired by moderately different sampling procedures, especially in STH. The TH collectors operating at the LP are sampling, in contrast to those employed at LIZ, the true -liquid samples of TH, whereas the collectors at LIZ sample also snow samples that were not in intimate contact with the tree crowns.
Generally, fluxes of the monitored elements are consistent. The differences in fluxes of anions SO 2− 4 , Cl − and F − representing strong anthropogenic atmospheric acidifiers are in good agreement with the fluxes of H + . Nevertheless, the Tables 1 and 2 contain several fluxes that exhibit considerable differences. This is evident in particular in very high deposition fluxes of Zn at LIZ both in BP and STH and Cd (the homologue of Zn) in BP. The anomalously high content of these elements in environmental samples usually denote some sort of sample contamination. The higher BP flux of Mn at LP (locality TR) follows from the proximity of forest and accidental sample contamination with small organic debris. The phenomenon was already discussed in Skřivan et al. (2000b) . On the other hand, the generally high fluxes of N tot in BP at LIZ are not easy to explain, especially when its STH flux is here lower than at LP.
High values of the TH/BP ratios of the metals discussed above clearly document the important role of forest vegetation in the internal cycling of chemical substances through the cycle: soil profile → root uptake → exclusion by foliage → leaching by precipitation → throughfall and litterfall → soil surface, leading to continuous redistribution of numerous elements throughout the forest soil profile.
Conclusions
Nine years monitoring of chemical composition of BP and TH at two contrasting sites (catchments) in Bohemia, the Czech Republic, has testified pronounced differences in elemental fluxes both between the sites, as well as between the types of atmospheric flux. Generally, the calculated fluxes of elements and ions at both localities are consistent, in spite of small differences in the sampling procedures. The inconsistent results of N, Zn and Cd fluxes need further elucidation. The more pristine site LIZ generally receives minor load of H + ions and anions of strong inorganic acids (SO , Sr, Ba and Cl − are higher in TH at both monitored sites. The TH fluxes (in descending order) of Rb > K > Mg > Mn > Ca > Sr > Ba are strongly affected by the biological activity of forest vegetation. The forest soil water chemistry is therefore more affected than the soil water on an open place both by the inputs of atmospheric acidifiers, as well as by the strongly metabolized elements, particularly by Rb, K, Mg, Mn and Ca. The forest vegetation therefore significantly contributes to the mobilization of numerous elements in soil percolates and to their continuous redistribution throughout the soil profile.
